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NiAl-LDH as a distinguish electrode material has been applied in electrochemical 23 fields. In this material, Ni(OH) 2 was employed to provide the capacitance (with the M A N U S C R I P T A C C E P T E D is beneficial to achieve high specific capacitance, superior cycling stability, and high-8 rate capability in supercapacitor devices [11, 29] . Therefore, it is attractive to develop 9 a synthesis route to achieve these essential aspects simultaneously. After cooling and centrifugation, followed by washing several times with ethanol and water, the NiAl-LDH green solid product was dried at 60 °C for 12 h in a vacuum H-NiAl-LDH electrodes were calculated from the galvanostatic charge/discharge 7 curves as follows:
where I is the discharge current (A), ∆t is the discharge time (s), m is the mass of the 10 electroactive material in the electrode (g), and ∆V is the total potential deviation (V).
11
The C s of ASC was calculated from the galvanostatic charge/discharge curves as 12 follows:
14 where m' is the total mass (LDH: 2.86 mg, GNS: 14.53 mg) of electroactive materials 15 in the positive and negative electrodes (g). The energy and power densities of the 16 asymmetric supercapacitor were calculated as follows:
where E (Wh kg ) is the average power density, and ∆t is the discharge time. Al(OH) 3 . Results show that the peak intensity of H-NiAl-LDH is higher than that of P- 
Results and discussion
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The FT-IR spectra of P-NiAl-LDH and H-NiAl-LDH are shown in Fig. 1b ) from sodium carbonate and urea hydrolysis during the co-precipitation and
hydrothermal procedure [33] . In addition, the stretching modes and metal oxygen (M- suggesting the hydrothermal method resulting in higher quality of materials.
6
To investigate the surface morphology, field-emission scanning electron microscopy nanoplate feature with an average diameter of ~100 nm, which is beneficial to achieve To further affirm the surface area and interconnected pores of the materials, the BET 4 nitrogen adsorption/desorption isotherm and the Barrett-Joyner-Halenda (BJH) pore 5 size distribution curves of P-NiAl-LDH and H-NiAl-LDH were measured and 6 presented in Fig. 3 and Table 1 . A typical H2 type hysteresis loop is observed in the P- NiAl-LDH samples, revealing the existence of a network of pores with various sizes.
10
The average pore size, BET specific surface area and the corresponding pore volume , respectively. Although the surface of the P-
13
NiAl-LDH samples is composed of smaller particles (Fig. 2b) , the particles aggregate 14 together and result in the smaller specific surface area [6]. In contrast, the H-NiAl-
15
LDH samples are nanoplates morphology (Fig. 2bc) integrated areas, indicating a higher specific capacitance. CV curves of P-NiAl-LDH
21
( Fig. 4b ) and H-NiAl-LDH (Fig. 4c) 
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the scan rate, the anodic peaks shifted to a more positive potential, whereas the 1 cathodic peaks shifted to a more negative potential, which is ascribed to an increase of in both electrodes is calculated using Randles-Sevcik eqt 11. , respectively (Fig. 5d ). H-NiAl-LDH 2 electrode exhibits a significantly higher specific capacitance than that of P-NiAl-LDH 3 electrode at all current densities range, which is attributed to the nanoplates H-NiAl-
4
LDH possessing higher BET surface area that of the particle-typed P-NiAl-LDH, and exhibits an impressive higher capacitance of 851.9 F g -1 (88.7% capacitance retention).
17
During the continuous prolong charge/discharge processes, the structure of LDH nanoplates [43] ; and (3) thin nanoplates preserve the distinctive structure integrity of 1 the materials during electrochemical reaction [44] .
3
To understand the ion transport kinetics at the electrode/electrolyte interface, EIS was 4 carried out. Fig. 5f . Shows the impedance Nyquist plots of the samples. The proposed 5 equivalent circuit used for fitting the impedance curves is shown in the inset of Fig. 5f .
6
Results show the characteristic of quasi-semicircle in the high frequency region and square fitting are shown in Table 2 . The C dl value of H-NiAl-LDH electrode (4.68 mF) 22 was higher than that of P-NiAl-LDH electrode (2.3 mF), suggesting that nanoplate ) was 35% lower than that of the P-NiAl-
) and C F value of the H-NiAl-LDH electrode (5.89 F) was 2 94.7% higher than that of P-NiAl-LDH (0.31 F), which further confirms that thin 3 nanoplate structure is a promising morphology to enhance the electrolyte transport in 4 electrode leading to enhanced electrochemical reactions.
The electrochemical performance of the graphene coated on Ni foam (G-NF) electrode 7 was explored in the three-electrode measurement using a 6 M KOH electrolyte (Fig.   8 6). The G-NF electrode exhibits a distinct rectangular shape at 5-50 mV s -1 scan rates,
9
revealing an excellent electrochemical performance at -1.0 ~ 0.0 V (vs. SCE) (Fig. 6a) . ) of initial capacitance at 5 A g -1 (Fig. 6c) , which is comparable to those reported 15 previously for graphene-based supercapacitors [47, 48] . EIS data showed that the R s
16
and R ct values of G-NF are 0.557 Ω and 0.678 Ω (Fig. 6d) , respectively, indicating a NiAl-LDH//G show good symmetrical at 1.4 V (Fig. 7b) power a red light-emitting diode (Fig. 7f) . 
Conclusions
21
In conclusion, NiAl-LDH nanoplates had been fabricated through a facile 9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38 M A N U S C R I P T
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Highlights
• 2D NiAl layered double hydroxide nanoplates was synthesized by hydrothermal method.
• 2D NiAl LDH electrode delivered high specific capacitance of 1713.2 F g -1 at 1 A g -1 .
• Asymmetric supercapacitor delivered a high energy density of 34.1 Wh kg -1 .
• Outstanding cyclic stability of 91.8% capacitance retention after 5000 cycles was achieved.
